Objectives: To determine the relative contribution of intra-and inter-individual variation in the consumption of foods and nutrients. Design: Cross-sectional study. Setting: Two rural towns in the Miyagi Prefecture, a northeastern part of Japan. Subjects: Fifty-nine men and sixty women. Methods: Four 3-d food records were collected in four seasons within a year. The total variance in the consumption of 15 nutrient variables and 16 food groups was partitioned by analysis of variance into its interand intra-individual components, separately for men and women. Results: The ratio of the intra-to inter-individual variance was larger than unity in 87% (13a15) of the nutrients in men and 100% (15a15) in women. The ratio was largest for retinol (52.9 in men and I in women) and smallest for carbohydrates (0.8 in men and 1.5 in women). The ratio was larger than unity in 88% (14a16) of the food groups in men and 94% (15a16) in women, which was smallest for cereals (0.6 in men and 0.9 in women).
Introduction
The relation between diet and chronic diseases such as cardiovascular diseases and cancer is one of the major interest in preventive medicine. In order to examine these associations, long-term, average intakes of foods and nutrients of individuals need to be characterised (Willett, 1998) .
Since substantial intra-individual, day-to-day variations exist in diet, it is important to assess the relative contributions of variations among individuals and within an individual in dietary data.
A number of studies examined the magnitude of intraand inter-individual variations in the consumption of nutrients measured by food records (Beaton et al, 1979 (Beaton et al, , 1983 McGee et al, 1982; Rush & Kristal, 1982; Hunt et al, 1983; Todd et al, 1983; Sempos et al, 1985; Willett & Stanpfer, 1986; Tangney et al, 1987; Nelson et al, 1989; Hartman et al, 1990; Wasserheil-Smoller et al, 1993) . Most studies, however, have been undertaken in western countries and few studies have been conducted in other populations . Moreover, few studies have investigated the two sources of variations in the consumption of food groups, rather than nutrients.
In this study, we examined the inter-and intra-individual variance in the consumption of 15 nutrient variables and 16 food group using 12-d food records collected from a rural Japanese population.
Methods

Study design and subjects
The data set for this study was originally collected in order to assess the validity and reproducibility of a food frequency questionnaire used in three large-scale cohort studies of cancer (Aoki, 1992; Fukao et al, 1995; Tsuji et al, 1998) . The subjects were participants in the studies who lived in two rural towns of Miyagi Prefecture in the northern part of the mainland Japan. Fifty-nine men (mean age 62.5 AE 8.4 y s.d.) and sixty women (mean age 61.2 AE 8.5 y s.d.) were selected on the voluntary basis.
Food records
Food records were collected on three consecutive days four times in a year during November, 1996 through September, 1997. The records were collected in a way to cover both weekdays and weekends, and also four different seasons of the year. One hundred and thirteen participants provided all the 12-d food records and 4 participants provided 9-d records. One subject provided 6-d records and another subject gave 3-d records. A total of 693 d of the record were available for men and 708 d for women.
The participants were instructed to record all foods and beverages consumed in a standardised booklet. They were asked to provide detailed descriptions of each food including the weights prepared and proportions consumed. Research dietitians checked the records in a standardised way after completion by the participants. The daily consumption of 15 nutrient variables and 16 food groups was calculated from these records using Standard Tables of Food Composition published by the Science and Technology Agency of Japan (Science and Technology Agency, 1982) .
Statistical analysis
For each of 15 nutrients and 16 food groups, total intake variance was partitioned by analysis of variance into the two sources: 1) inter-individual variance in the subjects' usual or habitual intake, and 2) residual variance, which measured intra-individual variability in daily intake.
Estimates of within-(s w
2
) and between-person variance (s b 2 ) were calculated by setting means squares (MS) equal to their expected values. The values for (s w 2 ) and s b 2 were estimated from the following relations:
where a is the number of subjects, ni is the number of days of food records by the i th subject, and N S ni is the total number of days of food records by all subjects. All calculations were performed using the SAS variance component procedure PROC VARCOMP (SAS Institute, 1985) . The ratios of within-to between-person variance (s w 2 as b 2 ) were then calculated. We also calculated the number of days needed to estimate a person's true intake with 95% con®dence interval within 10% and 20% of their true mean, using the following formula (Beaton et al, 1979) :
where n the number of days needed per person, Z a 1.96, CV w the within-person coef®cient of variation (%), and D 0 the speci®c degree of error as a percentage of longterm true intake (10% or 20%). All analyses were conducted separately for men and women.
Results
The participants were healthy, aged 45 ± 77 y in men and 47 ± 76 y in women. Their major occupations were farmers, working for themselves, and house-wives. The percentage of current smokers in men was 49.6% (28 subjects). No women currently smoked. Table 1 presents the relative contributions of intra-and inter-individual variance to the total variance in the consumption of 15 nutrient variables. The table also shows the number of days of collecting food record which would be required to estimate the true intake within 10% and 20% of their true mean with 95% con®dence interval. The percentage contribution of intra-individual variance was larger than inter-individual variance in all nutrients, except total energy and carbohydrates in men.
The ratio of intra-to inter-individual variance was thus generally larger than unity. It was largest for retinol (52.9 in men and I in women) and was smallest for carbohydrates (0.8 in men and 1.5 in women). At the same time, ratios of intra-to inter-individual variance tended to vary by the nutrient groups. They were relatively small for macronutrients (range 0.8 ± 3.2 in men and 1.5 ± 3.3 in women), moderate for minerals such as calcium, phosphorus, iron, sodium and potassium (1.6 ± 2.6 in men and 1.8 ± 3.1 in women), and large for vitamins such as retinol, carotene, vitamin B1, vitamin B2, niacin and vitamin C (2.0 ± 52.9 in men and 2.2 ± I in women). The variance ratio was larger for lipid than for protein in both men (3.2 and 1.8, respectively) and women (3.3 and 2.5, respectively). The ratio for animal lipid was almost the same as that for animal protein in both men (4.1 and 4.4, respectively) and women (4.5 and 3.9, respectively).
The number of days of food records required to estimate the true intake within 10% of their true mean was largest for retinol (2620 days in men and 3810 days in women) and smallest for energy (13 d in men and 12 d in women). Table 2 presents the results for 16 food groups. The percentage contribution of intra-individual variance was larger than inter-individual variance in all food groups except cereals in men and women.
The ratio of intra-to inter-individual variance was smallest for cereals (0.6 in men and 0.9 in women), followed by milk (1.1 in men and 1.7 in women) and beverages (1.0 in men and 1.2 in women).
Among the major food sources of carbohydrates, the ratios of intra-to inter-individual variance was small for cereal while it was relatively large for potatoes and starches (14.1 in men and 12.6 in women). In contrast, the variance ratios did not vary substantially for the major food sources of protein such as ®sh (5.1 and 7.6 for men and women, respectively), meats (33.1 and 7.3), pulses (5.1 and 5.5) and eggs (4.0 and 4.1), with the only exception of meats for men (33.1).
The number of days of food records required to estimate the true intake within 10% of their true mean was largest for nuts and seeds (3403 d in men and 2533 d in women) and smallest for cereals (16 d in men and 15 d in women).
We also examined the number of days of food records required to estimate the true intake of nutrients and foods within 10% of their true mean using log-transformed values to improve normality. The nutrients and foods which 
Discussion
The results of this study using 12-d food records collected from a rural Japanese population were in general agreement with previous studies conducted in western populations in the following; 1) The contribution of intra-individual, dayto-day variation was generally larger than that of interindividual variation for the consumption of both nutrients (Beaton et al, 1979; Rush & Kristal, 1982; Todd et al, 1983; Beaton et al, 1983; Hunt et al, 1983; Sempos et al; Tangney et al, 1987; McAvay & Rodin, 1988; Nelson et al, 1989; Hartman et al, 1990; Neuhaus et al, 1991; Wasserheil-Smoller et al, 1993) and food groups (Hartman et al, 1990) ; 2) The ratios of intra-to interindividual variance tended to be smaller for macronutrients and larger for minerals and vitamins (Beaton et Nelson et al, 1989; Hartman et al, 1990; Neuhaus et al, 1991) ; 3) The variance ratio was smallest for carbohydrates (McGee et al, 1982; Rush & Kristal, 1982; McAvay, 1988; Nelson et al, 1989; Hartman et al, 1990; Neuhaus, 1991) . Our ®ndings suggest that the features are universal characteristics of diets across different populations. In contrast, our observation that the ratio of intra-to inter-individual variance was larger in lipid than in protein did not agree with the western studies which generally showed the opposite result (Rush & Kristal, 1982; Hunt et al, 1983; Nelson et al, 1989; Hartman et al, 1990; Wasserheil-Smoller et al, 1993) . Another study in the Japanese population showed the consistent ®ndings with ours for men but not for women . The further studies among other Japanese populations will be required to determine if this is a characteristic in the western and Japanese diet.
Very few studies examined the relative contribution of intra-to inter-individual variance in food group consumption. In case of Finnish men, the ratios of intra-to interindividual variance in carbohydrates (1.1) and cereals (1.5) were relatively small (Hartman et al, 1990) . Although this tendency was similar to our results, relative contribution of intra-individual variation was even smaller in our population. Rice is consumed very often and with a stable amount by individuals in Japan, which resulted in the observed The number of the days of collecting food record which would be required to estimate the true intake within 10% of their true mean with 95% con®dence. The number of the days of collecting food record which would be required to estimate the true intake within 20% of their true mean with 95% con®dence.
Inter-and intra-individual food and nutrient variation in a Japanese population K Ogawa et al small intra-to inter-individual variance ratio (carbohydrate 0.8 and cereals 0.6 in men). We found that a large number of days of food recording would be required in order to characterize the long-term average intake of nutrients and foods among individuals in this population. It is not feasible to collect such a large number of diet records in epidemiological setting. Therefore the alternative method to estimate habitual diet at the individual level is necessary. We have developed a semiquantitative food frequency questionnaire for this population and currently conduct a validation study.
Conclusion
Regarding the relative contribution of the intra-individual variation to inter-individual variation for the consumption of both nutrients and food group, the results in our study were consistent with previous western studies. The contribution of intra-individual variation was larger than that of inter-individual variation for the consumption of both nutrients and food groups. The ratios of intra-to interindividual variance tended to be smaller for macronutrients and larger for minerals and vitamins. The number of the days of collecting food record which would be required to estimate the true intake within 10% of their true mean with 95% con®dence. The number of the days of collecting food record which would be required to estimate the true intake within 20% of their true mean with 95% con®dence.
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